Persian shallot grows as a wild plant in Zagros Mountain. In this experiment, attempt was made to study the different aspects of Allium hirtifolium Boiss germination for the first time in controlled laboratory conditions. In the first experiment, treatments were 0, 2, 4, 6 and 8 weeks of stratification. In the second experiment, seeds were imbibed in 0, 500 and 1000 ppm GA 3 for 12 h and transferred to an incubator at 5, 10, 15, 25°C. Results showed that an increased stratification time improved Germination percentage after the sixth week in 4°C. The GA 3 concentration did not affect the germination percentage. A significant increase in mean germination time (MGT) was observed in treatments where GA 3 concentration increased. Maximum germination percentage reached the highest amount (38%) at 10°C. 10°C was the temperature, which allowed the lowest MGT, meaning the greatest germination rate. In general, 10°C temperature after prolonged period of stratification in 4°C were sufficient for germination of Iranian shallot native to the central part of Iran.
INTRODUCTION
The genus Allium L. includes more than 700 species, which wildly grow in the temperate, semi arid and arid regions of the northern hemisphere and therefore, results in a remarkable polymorphism (Hanelt et al., 1992) . The constituents of Allium is divided into two main groups: sulfur containing compounds and non-sulfur containing compounds. Most of the medicinal benefits of Allium such as reducing total plasma cholesterol, blood pressure and platelet aggregation are attributed to a sulfur compound known as allicin (Schulz et al., 1998) . The same benefit was reported for Allium hirtifolium. The small and medium quantities of Iranian bulbs for domestic consumption were recommended for the treatment of rheumatic and inflammatory disorders, gout, arthritis, diarrhoea, stomach pain, psoriasis and hemorrhoid. Persian shallot is a nutritive plant with special taste and its dried bulb slices used as an additive to yogurt and pickling mixtures. Its powder used as a tasty additive or spice for foods in Iran. In addition, it has crucial medicinal effects; aqueous extract of Mooseer has shown antibacterial effects *Corresponding author. E-mail: mhaghighi@cc.iut.ac.ir. (Ashrafi et al., 2004; Asili et al., 2010; Ebrahimi et al., 2009) . Persian shallot (A. hirtifolium Boiss.) , that is, native and endemic to Iran, called ''Mooseer'' is from this family. It grows as a wild plant in the Zagross Mountains in west, south and the central parts of Iran (Rechinger, 1984; Ebrahimi et al., 2009) . It is a wild, perennial, herbaceous and aromatic plant. It consists of a naked and erect scape with 80 to 120 cm height. The green leaves are linear and lanceolate with 20 to 30 cm length (Ghahreman, 1984) .
There are some morphological differences between common shallots (Allium ascalonicum L.) and A. hirtifolium Boiss. Bulbs of common shallot are pearshaped reddish-brown skinned and clustered at the base of the plant and its clusters may contain as many as 15 bulbs. But in Persian shallot is yellow, oval, white skinned and usually consists of a single main bulb or rarely of two bulbs, the weight of each bulb being 8 to 15 times of garlic clove (Rubatzky and Yamaguchi, 1997) (Figure 1 ). There are some differences in their origin that Persian shallot is originated from cold mountains of Iran, but common shallot is originated from warm regions of west Asia at high elevations and in Iran spread across the Zagross Mountains of different provinces from Northwestern to Southern of Iran with the climate of very cold to moderate cold (Ghahreman, 1984; Salunkhe and Kadam, 1998) . The main difference in their propagation is that Persian shallot produce more seed than common shallot and it can propagate from seed commercially. Persian shallot grows as a wild plant across the Zagross Mountains at high elevations of different provinces from Northwestern to Southern of Iran with the climate of very cold to moderate cold (Ghahreman, 1984) . Shallots can be grown from seed, but usually small bulbs are planted in late fall or early spring. The "mother" bulbs divide to several bulbs.
However, the germination of Persian shallot seed faces certain problems such as the low germination percentage and velocity as well as the slow growth of the subsequent seedlings. Such problems obstruct the use of seeds as a convenient way of propagation and prefer using bulbs. Since Persian shallot (Mooseer) grows as a wild plant only in some mountains of Iran, there are some information on genetic diversity of A. hirtifolium ecotypes given by Ebrahimi et al. (2009) and Asili et al. (2010) and its immune characteristics published by Jafarian et al. (2003) . Characteristics of its habitat may strongly influence on probability of germination and subsequent survival, so optimizing seed germination requirement is a necessity to disperse its cultivation in other place and prevent its extinction. To the best of our knowledge, there is no previous report on the propagation of A. hirtifolium with seed. Taking into consideration the value of shallots as the popular plant in Iran, containing the natural nutraceuticals (allicin), it is necessary to disperse its cultivation in other places and prevent its extinction. The afore-mentioned circumstances encouraged us to investigate the impact of different treatments on collected endemic seeds to report the behavior of seed germination to optimize the best conditions for their cultivation. The introduction of the best conditions for the shallot's cultivation may be meaningful for the industry in commercial seed production.
MATERIAL AND METHODS

Seed collection
For the first time, different aspects of A. hirtifolium Boiss germination were conducted in controlled laboratory conditions, aimed at optimizing its germination. For this reason, mature seeds of A. hirtifolium were collected from the Farsan from a habitat of natural growth in the Chaharmahalo Bakhtyari Province; Latitude 35° 50'N Longitude 16° 32'E, elevation 2020 m above mean sea level (Table 1) . Seeds were disinfected in a 3% (v/v) sodium hypochlorite solution for 10 min before starting the germination tests. Seeds were placed in 9-cm diameter Petri dishes (100 seeds each) and covered with a double layer of filter paper type Whatman number 1 filter paper.
The first experiment was conducted in order to determine the effect of stratification duration on germination. Second experiment treatments included different Gibberellic Acid (GA3) concentrations 
Experiment 1: Effect of stratification duration on seed germination of A. hirtifolium
Treatments included 0, 2, 4, 6 and 8 weeks of stratification (at 4°C). The seeds allocated to stratification treatments transferred to moist perlit (1:5, v/v) in 1 kg plastic bags and were placed in a refrigerator at 4°C for stratification. The perlit was thoroughly washed and soaked for 3 h in distilled water before application. Finishing each period of stratification, seeds transferred to an incubator (at 10°C).
Experiment 2: Effect of hormone application on seed germination of A. hirtifolium
For study of the impacts of the external application of GA3, seeds were watered for 24 h then seeds were imbibed in 0, 500 and 1000 ppm GA3 for 12 h. For evaluation of germination, seeds were transferred to an incubator (at 5, 10, 15, 25°C) in the B.O.D. incubator for a 10 h photoperiod of 20 µmol m -2 s -2 , 400 to 700 nm white fluorescent light (10 h of light : 14 h of darkness) (AOSA, 2006) . The evaluations of germination were conducted every 24 h until seeds had no more germinated. The final percentage germination calculated the end of germination test. The rate of germination and germination percentage was evaluated using AOSA methods (1983) . Seed germination considered successful when the root had emerged and reached out by one mm in length. The evaluations were conducted every 24 h until seeds germination stabled to a constant value. The mean germination time (MGT) measured for seed germination for a certain period after applying each treatment, was calculated by the formula:
Where gi is the number of seeds germinating on the ni th day of germination testing and G is the total number of seeds germinating during the test (Etemadi et al., 2010) . MGT were scored as the mean of 4 replicates with standard deviation. Time (in days) to obtain 50% germination referred to as T50 was calculated using the following formula:
Where t1 = time at which the germination percentage is less than 50%, t2 = time at which the germination percentage is more than 50%, and p1 and p2 are the measurements of germination percentage occurring at t1 and t2, respectively (Heydecker and Wainwright, 1976) .
RESULTS
Effect of stratification on germination
Along with increase of stratification to the sixth week, G% improved (Table 2) . Deduction in MGT observed by increasing stratification time and highest MGT reached 44.92 at the second week (Table 3) .
Effect of GA 3 concentration on germination
The GA 3 application did not affect the G% (Table 4) . A significant MGT improvement observed when GA 3 concentration increased. Highest MGT was 16.58 at 1000 ppm GA 3 . The highest T 50 observed in 500 ppm of GA 3 (Table 5) .
Effect of temperature regime on germination
G% was low in all temperature regime and Maximum G% reached the highest amount (38%) at 10°C (Table 6 ). The lowest MGT observed at 10°C, concluding the greatest germination rate in this temperature (Table 6 ). The highest T 50 is indicated at 5 and 25°C (Table 7) . Comparing T 50 and MGT results with the highest G%, it can be concluded that MGT was a better indicator for germination rate and got the higher G% earlier.
DISCUSSION
The plants occur in the Irano-Turanian floristic region of Central Asia, characterized by hot dry summers, after seed maturation, and cold and snowy winters, when seeds lie in the wet soil (Kamenetsky and Yitzchak, 2000) . It is therefore evident that Allium species from different taxonomic groups and habitats have differing responses to environmental conditions, and a variety of germination mechanisms. Germination of Allium species from the subgenus Melanocrommyum from Central Asia was examined in the present study. In order to optimize germination, attempts were made to eliminate possible dormancy inhibitors by taking patterns from the native habitat, using several pretreatments. Iranian shallot grow in the cold winter climate of its native mountains, Therefore, it clearly appears that stratification during winter improves germination in the native mountains of its growth, that it may involve in breaking seed dormancy. The results from the laboratory conditions confirm the effect of stratification on seed germination of Iranian shallot, as the G% increased and MGT decreased by extending the stratification time to 6 weeks. During the stratification, some biochemicals and phytohormone were changed to be able to germinate dormant seeds. By decreasing abscisic acid (ABA) and increasing GAs, the seeds, with embryo dormancy residing in the embryo, can germinate (Hurtman et al., 1997) . Prechiling increases GA biosynthesis, which decreases the accumulation of proteins that control dormancy (Nicolas et al., 1996; Nicolas et al., 1997) . Each of the Allium species is characterized by a specific morphology, life cycle, and bulb periodicity. Some species are adapted to a prolonged dry period followed by a cold wet season; others resume growth following a single wet period (McNeal and Ownbey, 1973) . Iranian shallot according to native growth habit need to spend almost 6 weeks even more cold condition to germinate properly. Highly specialized Allium species from the subgenus Melanocrommyum require prolonged stratification at 4 to 5°C during the winter (Zimmer and Weckeck, 1989; De Hertogh and Zimmer, 1993; Gutterman et al., 1995) . Short stratification period at 4°C (30 days for Allium suworowii and 45 days for Allium altissimum) were insufficient to initiate germination (Kamenetsky and Yitzchak, 2000) . Melanocrommyum species, which inhabit the region with cool winters, require a prolonged period of wetting at 4°C in order to germinate well. Seed germination at 4 and 15°C was tested for six Allium species from the subgenus Melanocrommyum from the Central Asian part of the Irano-Turanian floristic region. Typical natural habitats of these plants are characterized by cold and snowy winters and dry hot summers (Hanelt et al., 1992) . The genotypic and ecological background of natural habitats, and phenotypic influences such as the time of seed harvest, seem to play predominant roles in the germination mechanism. Thus, differing germination dynamics were observed in Iranian shallot with common shallot similar result was obtain for A. altissimum and Allium sewerzowii (Gutterman et al., 1995) And Allium aschersonianum (Kamenetsky, 1992) .
Temperature regime is a principal factor affecting dormancy release and seed germination of the six Melanocrommyum species tested by Kamenetsky and Gutterman (2000) . They showed that Germination at 15°C was rather low (except for Allium decipiens, which achieved a germination percentage of about 15% after 250 days) while at 4°C after 60 days and more, all the seed stocks (except June-harvested A. suworowii), demonstrated relatively high germination rates. Same results of other studies were along with them (Aoba, 1967; Dalezkaya and Nikiforova, 1984; Specht and Keller, 1997) and indicate that the germination mechanism of this group is an adaptation to the climatic conditions of its natural habitats. The best G% of Iranian shallot obtained in 10°C and the fastest germination was at 5°C that is along with the aforestated studies. A minimum of 60 days at low temperature was required for massive germination of A. suworowii. A. altissimum seemed to demand a longer period at low temperatures for successful germination: at least 70 days were required for massive germination of this species (Kamenetsky and Yitzchak, 2000) and Iranian shallot after 6 weeks in 4°C showed the highest germination, although it might germinate better in the longest stratification time. Kamenetsky and Gutterman (2000) revealed that for both species, transferring seeds to 15°C after a cold period accelerated their germination rates, when cold requirements were fulfilled. Iranian shallot after 6 weeks in 4°C and transferring in 5 to 10°C germinate well.
These researchers concluded that in natural populations many Allium species germinate during early spring, that is why A. suworowii and A. altissimum is enhanced by low temperatures, but that after fulfillment of cold requirements, seeds can germinate in a wide range of temperatures. Accordingly, Iranian shallot, which is native to cold region, accelerates germination in 5°C, properly.
Longest time to 50% of germination was in insufficient stratification (2 weeks). Lowest time to reach at more than half (50%) G% between treatments was for 5°C; so it can be said that temperature is more critical factor for Iranian shallot seed germination than GA 3 after fulfilled stratification. The best conditions for the germination of common shallot have not previously been documented, so the comparison of these two varieties is not possible but according to its native growth, it seems that both shallot can endure low temperature of germination.
Application of GA 3 did not significantly affect germination, at the concentrations that were used; the same effect of GA 3 has been shown for seeds of Fagus sylvatica, Picea sitchensis and Kelussia odoratissima (Mortensen and Eriksen, 2004; Etemadi et al., 2010) . However, our results cannot weaken the role of GAs in germination of K. odoratissima and Iranian shallot revealed previous publication (Etemadi et al., 2010) . The Jones and Stoddar (1997) hypothesized that sufficient GAs required for radical protrusion, which produced during moist chilling, the same as proved for both endemic plant of Iran, K. odoratissima and Iranian shallot, too. So, addition of exogenous GA did not have a greater effect on their germination and it appears that no dormancy existed after stratification for K. odoratissima (Etemadi et al., 2010) , Iranian shallot and F. sylvatica (Mortensen and Eriksen, 2004) . GA 3 can accelerate germination of Iranian shallot and the lowest T50 get in 500 ppm of GA 3 application.
Conclusion
In the presented study, it can be concluded that warm temperature (10°C) after prolonged period of stratification in 4°C, even more as shown earlier, were sufficient for germination of Iranian shallot that is native to the central part of Iran.
